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CLAIMS 



[Claim(s)] 

[Claim 1] The plus terminal for secondary batteries characterized by said electric conduction agent 
containing the compound containing Ti, Zr, Mo, Nb, or Ru in the plus terminal for secondary batteries 
containing the positive active material which emits [ occlusion and ] a lithium ion, and an electric conduction 
agent. 

[Claim 2] It is the plus terminal for secondary batteries characterized by including 1 or two or more 
compounds which are chosen from the group which said electric conduction agent becomes from TiN, ZrN, 
Mo03, TiO, Ti203, NbO, and Ru02 in the plus terminal for secondary batteries according to claim 1. 
[Claim 3] It is the plus terminal for secondary batteries characterized by said electric conduction agent 
containing Ti or Ti content compound in the plus terminal for secondary batteries according to claim 1 or 2. 
[Claim 4] It is the plus terminal for secondary batteries characterized by including 1 or two or more 
compounds which are chosen as one of Claims 1-3 from the group which said electric conduction agent 
becomes from TiN, TiO, and Ti203 in the plus terminal for secondary batteries of a description. 
[Claim 5] It is the plus terminal for secondary batteries characterized by said compound being an oxide in 
the plus terminal for secondary batteries given in one of Claims 1-4. 

[Claim 6] It is the plus terminal for secondary batteries characterized by said compound being nitride in the 
plus terminal for secondary batteries given in one of Claims 1 -4. 

[Claim 7] It is the plus terminal for secondary batteries characterized by said positive active material having 
a plateau more than 4.5V with metal lithium counter electrode potential in the plus terminal for secondary 
batteries given in one of Claims 1-6. 

[Claim 8] It is the plus terminal for secondary batteries characterized by said positive active material 
containing a lithium content multiple oxide in the plus terminal for secondary batteries given in one of Claims 
1-7. 

[Claim 9] It is the plus terminal for secondary batteries characterized by said lithium content multiple oxide 
being a spinel type lithium manganese multiple oxide in the plus terminal for secondary batteries according 
to claim 8. 

[Claim 10] In the plus terminal for secondary batteries according to claim 9, said lithium content multiple 
oxide is a following general formula (I). 
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Lia(MxMh2-x-yAy)04 (I) 

(It is 0<x, 0<=y, x+y<2, and 0< a<1.2 among a formula.) As being chosen out of the group which consists of 
.nickel, Co, Fe, Cr, and Cu, M is a kind as it is few. As being chosen out of Si and Ti, A is a kind as it is few. 
Plus terminal for secondary batteries characterized by being the compound expressed. 
[Claim 1 1] The secondary battery which is equipped with a plus terminal, the negative electrode, and an 
electrolytic solution, and is characterized by said plus terminal being a plus terminal for secondary batteries 
given in one of Claims 1-10. 

[Claim 12] The secondary battery characterized by said electrolytic solution containing LiPF6 as a 
supporting electrolyte in a secondary battery according to claim 1 1 . 

[Claim 13] The secondary battery characterized by the par discharge voltage to a lithium reference potential 
being more than 4.5V in a secondary battery according to claim 1 1 or 12. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the plus terminal for [ which emits / occlusion and / a lithium 

ion ] secondary batteries, and the secondary battery using it. 

[0002] 

[Description of the Prior Art] In the nonaqueous electrolyte secondary battery using lithium metal and a 
lithium compound as the negative electrode, if Cobalt acid lithium is used as positive active material, the 
electromotive force exceeding 4V is acquired and research is energetically done from things. This Cobalt 
acid lithium is widely used as positive active material of today's rechargeable lithium-ion battery in order to 
show good characteristics by total performances, such as potential flat nature, capacity, discharge potential, 
and a cycle characteristic. However, Cobalt is a material with them which has few recoverable reserves. 
[ expensive ] Moreover, since Cobalt acid lithium has stratified rock salt structure (alpha-NaFeO 2 structure), 
an oxygen layer with big electronegativity will adjoin by lithium secession at the time of charge. Therefore, it 
is necessary to restrict the amount of drawing out of lithium at the time of real use, and since a structural 
change is caused since it is the electrostatic repulsion between oxygen layers and it generates heat when 
there are too many amounts of drawing out of lithium, such as an overcharging condition, it has a serious 
problem for the safety of a battery, and alternate material is called for. 

[0003] As positive active material of 4 Class V nonaqueous electrolyte secondary batteries other than Cobalt 
acid lithium, nickel acid lithium, spinel type manganic acid lithium, etc. are considered. However, [0004] from 
which a crystal structure is the same stratified rock salt structure as Cobalt acid lithium, it originates in the . 
instability of nickel4+ at the time of charge although nickel acid lithium has the capacity more than Cobalt 
acid lithium, and safety reservation serves as a technical problem lower than Cobalt acid lithium in oxygen 
desorption temperature On the other hand, spinel type manganic acid lithium is using inexpensive 
manganese as materials, It is a stable spinel type crystal, and from high safety being shown as compared 
with Cobalt acid lithium, since most excessive lithium used only at the time of an overcharge is not included, 
it is the material expected very much and the part is put in practical use. However, spinel type manganic 
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acid lithium has stopped at low capacity compared with Cobalt acid lithium, and the advantage cannot be 
harnessed with the power supply for the portable devices with which high energy density which it is small 
<and lightweight and is called high capacity is demanded. 

[0005] That is, although a technical problem is held a price and in respect of safe, adoption of Cobalt acid 
lithium is common for [ over which priority is given to high energy density / high-value-added ] uses. 
[0006] However, the demand of the improvement in characteristics to the battery which is a drive power 
supply, especially the increase demand of energy density are becoming large with highly-efficient-izing of a 
portable device in recent years. A paraphrase will ask for the positive active material and the negative 
electrode active material, or the positive active material of high potential of high capacity increasingly more. 
Here, there is a 5 Class V plus terminal which has a clearer plateau than 4.5V by a metal lithium counter 
electrode as a material which began to be brought into the limelight. 

[0007] There is a thing using oxidation reduction, such as nickel, Co, Fe, Cu, Cr, etc. which occupy the site 
of manganese of spinel type manganic acid lithium, in such 5V class positive active material. For example, it 
is indicated by JP,H9-147867,A that Lix+yMzMn2-y-z04 (M=nickel, Cr) have capacity more than 4.5V. 
Moreover, it is in JP,2000-067860,A. 5 Class V positive electrode material of a Fe and Co system is 
indicated. Moreover, about the same high potential positive electrode material, combination with the Ti oxide 
negative electrode is indicated for the combination of the nitride negative electrode in JP,2000-156229,A in 
JP,2000-223158,A, respectively. Furthermore, in JP,7-192768,A, the high potential positive electrode 
material of inverse spinel structure is indicated, and also, these days, the report of an olivine type high 
potential material is made. 

[0008] Since a metal Li counter electrode shows a big plateau to the 4.7V neighborhood and 120 or more 
mAh/g can also expect charge-and-discharge capacity, especially 5 Class V positive electrode material that 
uses LiNi0.5Mn1.5O4 as a base is a promising material from a viewpoint of energy density increase of a 
battery. Moreover, while selection of a negative electrode material becomes flexible sharply since cell 
voltage becomes securable even if it uses the negative electrode material of high potential rather than the 
negative electrode which made the conventional carbon material the subject paying attention to the special 
feature of high potential Since it becomes possible to reduce the battery number when using it as a group 
battery with many in-series numbers, it is expected that it can contribute also to a weight saving, a space 
saving, and low cost-ization greatly. 

[0009] In order that such a high potential positive electrode material may replace other transition metals at a 
high rate called about 1 / 4 - 1/2 of a Mn site, The homogeneous mixing which used the sol-gel method 
although it was not easy to realize uniform dissolution (J. EleCtroChem.SoC, Vol.143, p.1607, (1996)), The 
precursor composition (JP,2001-185145,A) by a coprecipitation method, the liquid phase synthesis method 
(JP,2001-185148,A) using nitrate of transition metals, etc. are tried, and examination also of composition of 
quality high potential positive active material is progressing. 
[0010] 

[Problem to be solved by the invention] However, even if it uses for a plus terminal the high potential 
material compounded with careful attention to dissolution uniform as mentioned above and makesas an 
experiment and evaluates a battery While the value as a design was comparatively acquired about early 
charge-and-discharge capacity, a cycle characteristic hot [ 40-60-degree C ] and a capacity conservation 
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characteristic, and self-discharge characteristics were not satisfying things. 

[001 1] The place which performed various examination about the Reason this invention person had not 
resulted in level with a sufficient high temperature cycle characteristic etc. in the conventional 5 Class V 
secondary battery, The anion which the supporting electrolyte in an electrolytic solution dissociated and 
produced was doped in the carbon material which is an electro-conductivity applying agent in a positive 
electrode, and it became clear that this is the inhibition factor of the improvement in characteristics. 
[0012] When Li content oxide which has a plateau more than 4.5V with metal Li counter electrode potential 
as positive active material is used as a plus terminal, at the time of charge of a battery, the potential of a 
plus terminal becomes more than 4.5V by a metal Li counter electrode. When it will be in such a high 
potential state, the anion which the supporting electrolyte in ah electrolytic solution dissociated and 
produced in the carbon material which is the electro-conductivity applying agent which exists in a positive 
electrode may be doped. If such a phenomenon arises, the retention volume after preservation will 
decrease. When charge and discharge are furthermore repeated, in order that it becomes the operation 
which repeats a dope and a dedope into the electro-conductivity applying agent of the anion produced from 
the supporting electrolyte and the carbon material in a positive electrode may repeat volume change, 
Exfoliation of t^ie active material from charge collector metal will be caused, and cycle life will become short 
as a result. When preservation or the charge-and-discharge cycle of the battery is carried out under hot 
environments (40 degrees C - 60 degrees C), using LiPF6 especially as a supporting electrolyte, an above- 
mentioned phenomenon becomes remarkable. That is, remarkable degradation is caused in a hot capacity 
conservation characteristic and hot cycle life. 

[0013] It is a characteristic technical technical problem in a 5 Class V Li ion secondary battery for such a 
phenomenon not to be checked with the 4V class conventional Li ion secondary battery, but to control this 
phenomenon. 

[0014] It is possible to apply the technology of using aluminum powder as an electro-conductivity applying 
agent, for example instead of a carbon material, as a method of solving the above-mentioned technical 
technical problem. Since the dope to the carbon material of the anion which the supporting electrolyte 
dissociated and produced is performed in the form of insertion of a between [ the layers of the carbon 
material which is the electro-conductivity applying agent which exists in a positive electrode ], it is 
considered to be one solution means to use the material which does not have layer structure like aluminum 
powder as an electro-conductivity applying agent. The capacity conservation characteristic under hot 
environments improves by making into an electro-conductivity applying agent aluminum powder which 
actually has suitable particle diameter in the nonaqueous electrolyte secondary battery using Li content 
oxide which has a plateau more than 4.5V as a plus terminal by a metal Li counter electrode. Moreover, it 
replaces with aluminum powder and applying SUS powder, Mg metal, or fibrous carbon is also considered. 
SUS metal, Mg metal, etc. not being layer structures and the fibrous carbon can consider a possibility that 
the dope of the anion which the supporting electrolyte dissociated and produced like [ since the states of an 
edge side differ as compared with piece of scale-like graphite ] aluminum powder massive will be avoidable. 
[0015] However, it is difficult by the following Reasons to actually use the above-mentioned material as an 
electro-conductivity applying agent in a positive electrode. 

[0016] It is not selection realistic at the time of the actual production it is expected to be with aluminum 
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powder that there is danger, such as rapid generation of heat, explosion, etc. by oxidization, or it is 
apprehensive about the health disturbance of the worker by expiration suction, and treat in large quantities. 
.Since a battery becomes heavy with SUS powder, a predominance will fade for the use which thinks energy 
density as important. Moreover, since it becomes impossible to bear the potential beyond 4.5V with Mg 
metal, it is difficult to use it in a 5V class secondary battery. Furthermore, with fibrous carbon, since there is 
a possibility of promoting electrolytic solution decomposition in the high potential state while it is possible to 
control the dope of the anion which the supporting electrolyte dissociated and produced, you have to pay 
careful attention to form, the amount of addition, the mixed state, etc. 

[0017] It aims at improving the capacity conservation characteristic and cycle characteristic in high 
temperature, this invention maintaining safety and productivity good and attaining a weight saving in 5 Class 
V secondary battery, in view of the above-mentioned situation. 
[0018] 

[Means for solving problem] According to this invention, in the plus terminal for secondary batteries 
containing the positive active material which emits [ occlusion and ] a lithium ion, and an electric conduction 
agent, the plus terminal for secondary batteries characterized by said electric conduction agent containing 
the compound containing Ti, Zr, Mo, Nb, or Ru is offered. 

[0019] Here, the above-mentioned compound can be made into an oxide or nitride. It is good also as acid 
nitride. 

[0020] The above-mentioned electric conduction agent can be considered as the composition containing 1 
or two or more compounds which are chosen from the group which consists of TiN, ZrN, Mo03, TiO, Ti203, 
NbO, and Ru02. 

[0021] Moreover, the above-mentioned electric conduction agent can be considered as the composition 
containing Ti or Ti content compound. It can have composition containing 1 or two or more compounds 
which are specifically chosen from the group which consists of TiN, TiO, and Ti203. 
[0022] The positive active material in this invention shall have a plateau more than 4.5V with metal lithium 
counter electrode potential. For example, it can have composition containing a lithium content multiple oxide. 
As a lithium content multiple oxide, a spinel type lithium manganese multiple oxide etc. is illustrated. Here, a 
lithium content multiple oxide is a following general formula (I). 
[0023] 

Lia(MxMn2-x-yAy)04 (I) 

[0024] (It is 0<x, 0<=y, x+y<2, and 0< a<1.2 among a formula.) As being chosen out of the group which 
consists of nickel, Co, Fe, Cr, and Cu, M is a kind as it is few. As being chosen out of Si and Ti, A is a kind 
as it is few. 

[0025] It can come out and can be considered as the compound expressed. 

[0026] Moreover, according to this invention, it has a plus terminal, the negative electrode, and an 

electrolytic solution, and the secondary battery whose plus terminal is the above-mentioned plus terminal for 

secondary batteries is offered. In this secondary battery, an electrolytic solution can be considered as the 

composition which contains LiPF6 as a supporting electrolyte. Moreover, in this secondary battery, the par 

discharge voltage to a lithium reference potential can have composition by more than 4.5V. 

[0027] [ persons ] even if this invention persons will be in the high potential state beyond 4.5V by a ** metal 
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Li counter electrode A supporting electrolyte dissociates. [ the produced anion ] Danger, such as ** dust 
explosion which assists the ** electron conduction which does not check the ** ion diffusion which is not 
.dissolved even if it will be in the high potential state beyond 4.5V by the ** metal Li counter electrode which 
is not doped, does not promote little ** electrolytic solution decomposition. The result of having examined 
various material wholeheartedly with careful attention to six points above, It found out that a specific 
compound was suitable as an electro-conductivity applying agent, and this invention was reached. 
[0028] This invention uses the specific electric conduction agent for the plus terminal as mentioned above. 
This electric conduction agent is chemically stable also in high potential and a hot state, and it is controlled 
effectively that the anion which the supporting electrolyte dissociated and produced is doped in an electric 
conduction agent. For this reason, the secondary battery whose capacity conservation characteristic and 
cycle characteristic in high temperature improved notably is realized. Moreover, when these electric 
conduction agents are excellent in safety and handling nature, since it is lightweight, the secondary battery 
excellent in a battery characteristic and manufacture stability is realized. 
[0029] 

[Mode for carrying out the invention] The compound containing Ti, Zr, Mo, Nb, or Ru can be used for the 
electric conduction agent used by this invention. Among these, the following are especially illustrated as a 
desirable thing. 

[0030] (i) An oxide or nitride (acid nitride is included) 

[0031] (ii) One or two or more compounds [0032] which are chosen from the group which consists of TiN, 
ZrN, Mo03, TiO, Ti203, NbO, and Ru02 (iii) Ti or Ti content compound (for example, 1 or two or more 
compounds which are chosen from the group which consists of TiN, TiO, and Ti203) 
[0033] When metal is used as an electric conduction agent, we are anxious about the following evils. When 
making metal into an electric conduction agent, in the first place, it will introduce as particles of the diameter 
of a granule, but it is easy to produce generation of heat by oxidization in this case, and becomes the cause 
of battery degradation. When it uses for the second as an electrode of 5 Class V battery, we exceed metaled 
oxidation potential and are anxious about an electric conduction agent being damaged with the high voltage. 
This point, and the oxide and nitride of (i) are chemically stable, and neither generation of heat by oxidization 
nor the damage by the high voltage takes place easily. Therefore, it can use conveniently as an electrode 
material for 5 Class V batteries. Moreover, 1 or 2 or more compounds chosen from the group which consists 
of TiN, ZrN, Mo03, TiO and Ti203 which were shown in (ii), NbO, and Ru02, (iii) Shown Ti or Ti content 
compound is excellent in especially hot chemical stability, and can be conveniently used as an electrode 
material for 5 Class V batteries. 

[0034] Although being uniformly distributed in a positive electrode is desirable as for the above-mentioned 
electric conduction agent, it is made to adhere to the particle surface of positive active material, and can also 
be considered as the form to cover. Although the range which does not limit massive, spherical, tabular one, 
etc. and also chooses particle diameter suitably with the electrode density, the binder kind, etc. of the 
particle diameter, the plus terminal thickness, and the plus terminal of positive active material is sufficient as 
especially the form of an additive, its particle diameter of 10 micrometers or less is desirable from a 
viewpoint of uniform dispersion. 

[0035] Although it is applicable also in the conventional 4 Class V secondary battery or a 3V class 
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secondary battery, this invention is more effective when it applies to 5 Class V secondary battery. It is 
because this invention is what improves many characteristics in a high potential state notably. As for the 
positive active material used for this invention from such a viewpoint, it is desirable to have a plateau more 
than 4.5V with metal lithium counter electrode potential. For example, a lithium content multiple oxide is 
used suitably. 

[0036] As a lithium content multiple oxide, a spinel type lithium manganese multiple oxide etc. is illustrated. 
A lithium content multiple oxide can be used as the compound expressed with a following general formula 
(I), for example. 
[0037] 

Lia(MxMn2-x-yAy)04 (I) 

[0038] (It is 0<x, 0<=y, x+y<2, and 0< a<1.2 among a formula.) As being chosen out of the group which 
consists of nickel, Co, Fe, Cr, and Cu, M is a kind as it is few. As being chosen out of Si and Ti, A is a kind 
as it is few. 

[0039] By using such a compound, high electromotive force is stably realizable. Here, the composition which 
contains nickel at least, then the cycle characteristic of M, etc. improve more. As for x, it is desirable to 
consider it as the range that the valence of Mn becomes more than +3.9 value. Moreover, in the above- 
mentioned compound, 0<y, then Mn are replaced by a lighter-weight element, the discharging amount per 
weight increases, and high capacity-ization is attained. 

[0040] As a starting material used for composition of the positive active material expressed with the above- 
mentioned formula (I), Li2C03, LiOH, Li20, Li2S04, etc. can be used as a source of Li, and Mn02, Mn203, 
Mn304, MnOH, MnC03, Mn (NO), etc. can be used as a source of Mn. Moreover, as a source of nickel, 
NiO, nickel(OH)2, nickel(N03) 2, etc. can be used. Moreover, Mn-nickel compound hydroxide, carbonate, 
and the oxide which adjusted Mn and nickel to the predetermined ratio beforehand can also be used. When 
performing Si or Ti substitution, Ti02, TiCI4, etc. can be chosen as Si02, the hydrate of those, SiO, and a 
source of Ti as a source of Si. Although NiO or nickel(OH)2 are [ Li2C03 ] desirable as a source of Li 
especially as a source of nickel as a source of Mn as for Mn02 or Mn203, it is more desirable to use such a 
precursor in more than, if the Mn-nickel multiple oxide of a predetermined ratio can be obtained. 
[0041] Next, the synthetic method of positive active material is explained. The above-mentioned starting 
material is chosen suitably, and weighing capacity and mixture of are done so that it may become 
predetermined metal composition ratio. Under the present circumstances, in order to avoid remains of a NiO 
unusual appearance, as for the particle diameter of each reagent, 10 micrometers or less are desirable. 
What is necessary is just to choose equipment suitably with the particle diameter, hardness, etc. of a 
selection reagent, although mixture is performed using a ball mill, a jet mill, a pin mill, etc. The obtained 
mixed complications are temperature spans (600 degrees C - 950 degrees C), and are calcinated in air or 
oxygen. In the case of Mn and nickel, or a substitution system, Ti or the viewpoint of uniform dissolution of Si 
to high temperature firing is desirable, but since 4V foot occurs or there is a bad influence of a cycle 
characteristic deteriorating when an oxygen deficit arises, especially a burning temperature has the 
desirable range of 700 degrees C - 850 degrees C. 

[0042] As for the specific surface area of obtained Li content oxide, it is desirable that it is below 3m2/g, and 
below its 1 morem2/g especially is desirable. If it does in this way, the required quantity of a binder can be 
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reduced and the battery of energy density high enough can be obtained. 

[0043] the form of particle of positive active material - massive, spherical and tabular, and others -- 
especially, [ it is not limited and ] In order to keep energy density high although the range which also 
chooses particle diameter and a specific surface area suitably with the electrode density, the binder kind, 
etc. of the particle diameter, the plus terminal thickness, and the plus terminal of positive active material is 
sufficient The form of particle, the particle size distribution, the mean particle diameter, specific surface area, 
and a true density from which the positive electrode density of the portion which removed the charge 
collector metallic foil is set to cc in 2.8g /or more are desirable. 

[0044] The obtained positive active material mixes said additive with the binder kind suitably chosen 
according to the characteristics of thinking as important as batteries, such as a rate characteristic, low- 
temperature-discharging characteristics, pulse discharge characteristics, energy density, a weight saving, 
and a miniaturization, and uses it as an electrode. A binder is usually good at the resin system binder used, 
and polyvinylidene fluoride (PVDF), polytetrafluoroethylene (PTFE), etc. can use it. As a charge collector 
metallic foil, aluminum foil is desirable. 

[0045] Although what is chosen from Li metal in which the insertion and desorption from Li ion are possible, 
Li alloy, and a carbon material is desirable as for the negative electrode used by this invention, since the 
potential of positive active material is high, The composite material of Li, the metal to alloy, a metal oxide, or 
a they and a carbon material, transition-metals nitride, and others are also available at all. Selection of a 
negative electrode material can be suitably performed according to the purpose of using batteries, such as 
capacity, voltage, weight, size, and a rate characteristic, low-temperature-discharging characteristics, a 
PASURU discharge characteristic. 

[0046] It mixes with the binder kind suitably chosen according to the characteristics of thinking as important 
as batteries, such as a rate characteristic, low-temperature-discharging characteristics, pulse discharge 
characteristics, energy density, a weight saving, and a miniaturization, and let negative electrode active 
material be an electrode. The binder can usually use the polyvinylidene fluoride (PVDF) used, 
polytetrafluoroethylene (PTFE), etc., and also can also use a rubber system binder. As a charge collector 
metallic foil, Cu foil is desirable. 

[0047] Although a separator in particular is not limited, textile fabrics, glass fiber, a porous synthetic resin 
film, etc. can be used. For example, the porous film of polypropylene and a polyethylene system is a thin 
film, and it is suitable in respect of large-area-izing, film intensity, or membrane resistance. 
[0048] As a solvent of nonaqueous electrolyte, it is usually used well, and can be easy to use carbonate, 
chlorinated hydrocarbon, ether, ketone, and nitrile. As a high permittivity solvent, preferably Ethylene 
carbonate (EC), propylene carbonate (PC), At least one kind is chosen from diethyl carbonate (DEC), 
dimethyl carbonate (DMC), ethyl methyl carbonate (EMC), ester species, etc. as at least one kind from 
gamma-butyrolactone (GBL) etc., and a hypoviscosity solvent, and the mixed liquor is used. Although 
EC+DEC, PC+DMC, PC+EMD, PC+EC+DEC, etc. are desirable, when the purity of a solvent is low, or 
when there are many content moisture contents, it is good for a potential window to raise the mixed ratio of a 
large solvent kind to the high potential side. Furthermore, you may add a small amount of additives for the 
purpose of moisture consumption or the superiors for oxidation resistance. 

[0049] Although at least one kind is used as a supporting electrolyte from LiBF4, LiPF6, LiCI04, LiASF6, 
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LiSbF6, LiCF3S03, Li(CF3S02) N, UC4F9S03, Li(CF3S02) 3C, Li(C2F5S02) 2N, etc. The system 
containing LiPF6 is desirable in the meaning that the viewpoint of a high potential battery and the effect of 
this invention can be demonstrated most. As for the concentration of a supporting electrolyte, 0.8M-1.5M are 
desirable, and 0.9M-1.2M are more desirable to a pan. 

[0050] As composition of the secondary battery concerning this invention, various form, such as a square 
shape, a paper type, a laminated type, cylindrical, and a coin type, is employable. Another charge of exterior 
cases and composition member in particular is not limited, and what is necessary is just to select it 
according to battery form. 
[0051] 

[Working example] Hereafter, although a work example explains this invention further, this invention is not 
limited to these. In addition, each positive active material used in the work example shown below has a 
plateau more than 4.5V with metal lithium counter electrode potential, and, as for the evaluated secondary 
battery, the par discharge voltage to a lithium reference potential becomes more than 4.5V. 
[0052] [Composition of LiNi0.5Mn1.5O4] 

[0053] Li2C03 and 3 (Mn0.75nickel0.25)O4 were used for composition of LiNi0.5Mn1.5O4 as a starting 
material. Grinding of Li2C03 and (Mn0.75nickel0.25) classification of 304 were performed for the purpose 
of obtaining the positive active material which has reactant improvement and the purpose particle diameter 
as a preceding paragraph story of mixture of these starting materials. [ with balance, such as homogeneous 
reservation of a reaction, ease of slurry production, and safety, ] since the particle diameter of 5-20 
micrometers is desirable when using LiNi0.5Mn1 .504 as positive active material (Mn0.75nickel0.25) The 
particle diameter of 304 was also the same 5-20 micrometers as the purpose particle diameter of 
LiNi0.5Mn1.5O4. D50 particle diameter at this time was 12 micrometers. 

[0054] On the other hand, since the particle diameter of 5 micrometers or less was desirable for reservation 
of a homogeneous reaction, Li2C03 ground so that D50 particle diameter might be set to 1 .4 micrometers. 
[0055] Thus, Li2C03 and (Mn0.72nickel0.25) 304 which were arranged with predetermined particle 
diameter It mixed so that it might be set to [Li]/[Mn] =1.0/1.5. 

[0056] These mixed complications were calcinated at 750 degrees C under the atmosphere of an oxygen 
flow. Subsequently, the air classification machine removed the minute particle with a particle diameter [ in 
the particles of obtained LiNi0.5Mn1.5O4 ] of 1 micrometer or less. At this time, the specific surface area of 
obtained LiNi0.5Mn1.5O4 was 0.9m2/g. Moreover, they were the fine-particles characteristics of a true 
density saying tap density in 2.39g/cc, calling 13 micrometers 4.42g [ // cc ] and D50 particle diameter, and 
saying a lattice constant being 8. 1 75A. 
[0057] [Composition of LiCoMn04] 

[0058] Composition of LiCoMn04 is having used Li2C03 and 3 (Mn0.5Co0.5)O4 as a starting material. 
Except for having mixed by the mixing ratio of [Li]/[Mn] =1/1, and the burning temperature having been 800 
degrees C, the same procedure as LiNi0.5Mn1.5O4 performed. The specific surface areas of LiCoMn04 
obtained were the fine-particles characteristics which 1.1m2/g and tap density say in 2.45g/cc, a true density 
says in 4.47g/cc, and a lattice constant calls 8.042A. 
[0059] [Composition of LiNi0.5Mn1.3Ti0.2O4] 

[0060] Li2C03, NiO, Mn02, and Ti02 were used for composition of LiNi0.5Mn1.3Ti0.2O4 as a starting 
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material. 'NiO, Mn02, and 2DTiO50 particle diameter shall be 0.5 micrometer, 8 micrometers, and 0.7 
micrometer, respectively. It mixed by the mixing ratio of (LiJ / [nickel] / [Mn] / [Ti] =1/0.5/1.3/0.2, And the 
burning temperature was compounded in the same procedure as LiNi0.5Mn1.5O4 except for having 
considered it as 720 degrees C. The specific surface areas of LiNi0.5Mn1.3Ti0.2O4 obtained were the fine- 
particles characteristics which 1.3m2/g and tap density say in 2.18g/cc, a true density says in 4.45g/cc, and 
a lattice constant calls 8.1 99A. 
[0061] [Composition of LiNi0.5Mn1.45Si0.05O4] 

[0062] Li2C03, NiO, Mn02, and SiO were used for composition of LiNi0.5Mn1.45Si0.05O4 as a starting 
material. NiO, Mn02, and 2DTiO50 particle diameter shall be 0.5 micrometer, 8 micrometers, and 0.1 
micrometer, respectively. It mixed by the mixing ratio of [Li] / [nickel] / [Mn] / [Si]=1/0.5/1 .45/0.05, And the 
burning temperature was compounded in the same procedure as LiNi0.5Mn1.5O4 except for having 
considered it as 780 degrees C. The specific surface areas of LiNi0.5Mn1.45Si0.05O4 obtained were the 
fine-particles characteristics which 1.5m2/g and tap density say in 2.03g/cc, a true density says in 4.25g/cc, 
and a lattice constant calls 8.172A. 
[0063] [The example 1 of comparative evaluation] 

[0064] 18650 cylinder batteries (18mm in diameter and 65mm in length) using LiNi0.5Mn 1.504 prepared as 
mentioned above as positive active material were produced. First, dry blending of LiNi0.5Mn1.5O4 and the 
electro-conductivity applying agent was carried out, in the N-methyl-2-pyrrolidone (NMP) in which PVDF 
which is a binder was dissolved, it was made to distribute uniformly and slurry was produced. As an electro- 
conductivity applying agent, graphite with a mean particle diameter of 5 micrometers was used. It was 
considered as the positive electrode sheet by evaporating NMP after applying the slurry on a 25-micrometer- 
thick aluminum metallic foil, the solid content ratio in a plus terminal - LiNi0.5Mn1.5O4:electro-conductivity 
applying agent: - it was considered as the mixing ratio of PVDF=80:10:10 (weight %). 
[0065] On the other hand, it mixes so that it may become the ratio of graphite:PVDF=90:10 (weight %), NMP 
was distributed, and the negative electrode sheet was applied on 20-micrometer-thick copper foil, and was 
produced. 

[0066] The electrode sheet of the plus terminal produced as mentioned above and the negative electrode 
was wound up through the 25-micrometer-thick polyethylene porosity film separator, and it was considered 
as the cylinder battery. 

[0067] The electrolytic solution made LiPF6 of 1 M the supporting electrolyte, and used the mixed solution 
(50:50-/volume %) of ethylene carbonate (EC) and diethyl carbonate (DEC) as the solvent. 
[0068] [The example 2 of comparative evaluation] 

[0069] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
set positive active material to LiCoMn04. 
[0070] [Work example 1a] 

[0071] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiNi0.5Mn1.5O4:TiN:PVDF=80:10:10 
(weight %). TiN used the 1st class article made from the Wako Pure Chem industry. 
[0072] [Work example 1b] 

[0073] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
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made the' solid content ratio in a plus terminal into the mixing ratio of LiNi0.5Mn1.5O4:TiC:PVDF=80:10:10 
(weight %). TiC used the 1st class article made from the Wako Pure Chem industry. 
[0074] [Work example 1c] 

[0075] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiNi0.5Mn1.5O4:TiSi2:PVDF=80:10:10 
(weight %). TiSi2 used the Wako Pure Chem 1st class article (2-5 micrometers). 
[0076] [Work example 2] 

[0077] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiNi0.5Mn1.5O4:ZrN:PVDF=80:10:10 
(weight %). ZrN used the 1st class article made from the Wako Pure Chem industry. 
[0078] [Work example 3] 

[0079] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of 

LiNi0.5Mn1.5O4:MoO3:PVDF=80:10:10 (weight %). Mo03 used the 1st class article made from the Wako 
Pure Chem industry. 
[0080] [Work example 4] 

[0081] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiNi0.5Mn1.5O4:TiO:PVDF=80:10:10 
(weight %). TiO used the product made from pure chemistry. 
[0082] [Work example 5] 

[0083] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of 

LiNi0.5Mn1.5O4:Ti2O3:PVDF=80:10:10 (weight %). Ti203 used the product (99.9%) made from AidriCh. 
[0084] [Work example 6] 

[0085] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiNi0.5Mn1.5O4:NbO:PVDF=80:10:10 
(weight %). NbO used the product (99.9%) made from AidriCh. 
[0086] [Work example 7a] 

[0087] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of 

LiNi0.5Mn1.5O4:RuO2:PVDF=80:10:10 (weight %). Ru02 used the product made from the Kanto chemistry 
(> 99.9%). 

[0088] [Work example 7b] 

[0089] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of 

LiNi0.5Mn1.5O4:RuO2:TiN:PVDF=80:10:5:5 (weight %). Ru02 used the product made from the Kanto 
chemistry (> 99.9%). 
[0090] [Work example 8a] 

[0091] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio "of LiCoMnO4:TiN:PVDF=80:10:10 
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(weight %). 

[0092] [Work example 8b] 

[0093] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:TiC:PVDF=80:10:10 
(weight %). TiC used the 1st class article made from the Wako Pure Chem industry. 
[0094] [Work example 8c] 

[0095] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:TiSi2:PVDF=80:10:10 
(weight %). TiSi2 used the Wako Pure Chem 1st class article (2-5 micrometers). 
[0096] [Work example 9] 

[0097] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:ZrN:PVDF=80:10:10 
(weight %). 

[0098] [Work example 10] 

[0099] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:MoO3:PVDF=80:10:10 
(weight %). 

[0100] [Work example 11] 

[0101] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:TiO:PVDF=80:10:10 
(weight %). 

[0102] [Work example 12] 

[0103] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:Ti2O3:PVDF=80:10:10 
(weight %). 

[0104] [Work example 1 3] 

[0105] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:NbO:PVDF=80:10:10 
(weight %). 

[0106] [Work example 14a] 

[0107] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:RuO2:PVDF=80:10:10 
(weight %). 

[0108] [Work example 14b] 

[0109] 18650 cylinder batteries were produced like the example 2 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of LiCoMnO4:RuO2:TiN:PVDF=80: 10:5:5 
(weight %). Ru02 used the product made from the Kanto chemistry (> 99.9%). 

[01 10] The capacity conservation characteristic was evaluated using 18650 cylinder batteries produced in 
the examples 1 and 2 of the <example 1 of evaluation test> comparative evaluation, and the work examples 
1-14. 
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[011 1] Each cylinder battery performed charge and electric discharge 1 time respectively in room 
temperature first. Both the charging current and discharge current at this time are 200mA, and made service 
capacity in this case initial capacity. In addition, although the cutoff potential by the side of electric discharge 
is 3.0V in all the batteries The example 1 of comparative evaluation and work examples 1-7 to which the 
cutoff potential by the side of charge used LiNi0.5Mn1.5O4 for positive active material set to 5.0V 4.9V, the 
example 2 of comparative evaluation which used LiCoMn04 for positive active material on the other hand, 
and work examples 8-14. Then, each battery was charged at 200mA to predetermined voltage (as for the 
example 1 of comparative evaluation, and work examples 1-7, 4.9V, the example 2 of comparative 
evaluation, and work examples 8-14 are 5.0V), and it was neglected for two weeks in the 50-degree C 
thermostatic oven after constant potential charge of 3 more hours. After neglect, at room temperature, again, 
electric discharge operation was performed at 200mA, and capacity at that time was made into maintenance 
capacity. Moreover, after measuring maintenance capacity, similarly charge / electric discharge operation 
was repeated once again by 200mAh, and service capacity at that time was made into recovery capacity. 
[01 12] The capacity maintenance rate (=100x [maintenance capacity] /[initial capacity]) and capacity rate of 
recovery (=100x [recovery capacity] /[initial capacity]) after 50 degrees C of each cylinder battery and two- 
week neglect are shown in Table 1. 

[01 13] It turned out to the example 1 of comparative evaluation that both the capacity maintenance rate and 
the capacity rate of recovery have improved in work examples 1-7. Similarly it was checked to the example 2 
of comparative evaluation that the capacity maintenance rate and the capacity rate of recovery are 
improving in the work examples 8-14. Namely, it is not concerned with which [ of LiNi0.5Mn1.5O4 or 
LiCoMn04 ] is positive active material. The capacity conservation characteristic in 50 degrees C is sharply 
improvable by replacing the graphite in a plus terminal with oxides, such as the nitride of TiN or ZrN or 
Mo03, TiO, Ti203, NbO, and Ru02. In addition, also when the same examination was done using TaN and 
HfN, the improvement effect equivalent to TiN and ZrN was acquired. 

[01 14] <The example 2 of an evaluation test [01 15]> Then, the cycle evaluation test was done using 18650 
cylinder batteries similarly produced in the examples 1 and 2 of comparative evaluation, and the work 
examples 1-14. 

[01 16] A cycle evaluation test is predetermined voltage ([ the example 1 of comparative evaluation, and work 
examples 1-7 ] 4.9v) at 500mA. In the example 2 of comparative evaluation, and the work examples 8-14, it 
charged to 5.0V, constant potential charge of 2 hours was performed after that, and it carried out by 
repeating operation of making it discharge to 3.0V at 500mA. In addition, the examination was done at the 
temperature of 20 degrees C and 50 degrees C. 

[01 17] It is each battery to Table 2. [300 Service capacity of eye a cycle] / [service capacity of eye five 
cycles] (%) is shown. 

[01 18] Even when positive active material is which of LiNi0.5Mn1.5O4 and LiCoMn04, it turns out that the 
capacity maintenance characteristics accompanying a cycle improve. The margin of improvement at 50 
degrees C is more remarkable than 20 degrees C in particular. 
[01 19] [The example 3 of comparative evaluation] 

[0120] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
set positive active material to LiNi0.5Mn1.3Ti0.2O4. 
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[0121] [The example 4 of comparative evaluation] 

[0122] 18650 cylinder batteries were produced like the example 3 of comparative evaluation except having 
used EC:DEC=50:50 (volume %) in which UPF6 of 0.5M and Li(C2F5S02)2N of 0.5M were dissolved as an 
electrolytic solution. 
[0123] [Work example 15] 

[0124] 18650 cylinder batteries were produced like the example 4 of comparative evaluation except having 
made the solid content ratio in a plus terminal into the mixing ratio of 
LiNi0.5Mn1.3Ti0.2O4:TiN:PVDF=80:10:10 (weight %). 

[0125] <The example 3 of an evaluation test [0126]> The capacity conservation characteristic of 18650 
cylinder batteries produced in the examples 1, 3, and 4 of comparative evaluation and the work example 15 
was evaluated. The conditions of the evaluation test presupposed that it is the same as the example 1 of an 
evaluation test, and the cutoff potential by the side of charge set cutoff potential by the side of 4.9V and 
electric discharge to 3.0V. 

[0127] The capacity rate of recovery of each battery is shown in Table 3. When an electro-conductivity 
applying agent compares by the same graphite, as for a capacity conservation characteristic, 
LiNiO.5Mn1.3TiO. 204 which performed Ti substitution are better for the Mn site of LiNi0.5Mn1.5O4. It turned 
out that a capacity conservation characteristic improves by using TiN as an electro-conductivity applying 
agent also to 5 Class V positive active material which performed the Ti substitution. Moreover, not only the 
case of LiPF6 but the supporting electrolyte and the thing [ TiN addition ] were also shown. 
[0128] [The example 5 of comparative evaluation] 

[0129] 18650 cylinder batteries were produced like the example 1 of comparative evaluation except having 
set positive active material to LiNi0.5Mn1 .45Si0.05O4. 
[0130] [Work example 16] 

[0131] the solid content ratio in a plus terminal - LiNi0.5Mn1.45Si0.05O4:graphite: -- 18650 cylinder 
batteries were produced like the example 5 of comparative evaluation except having considered it as the 
mixing ratio of Ti2O3:PVDF=80:5:5:10 (weight %). 
[0132] [Work example 17] 

[0133] the solid content ratio in a plus terminal - LiNi0.5Mn1.45Si0.05O4:graphite: - 18650 cylinder 
batteries were produced like the example 5 of comparative evaluation except having considered it as the 
mixing ratio of Ti2O3:PVDF=80:3:7:10 (weight %). 

[0134] <The example 4 of an evaluation test [0135]> The cycle evaluation test was done using 18650 
cylinder batteries produced in the example 5 of comparative evaluation, and the work examples 16 and 17. 
Evaluation conditions presupposed that it is the same as the example 2 of an evaluation test, and the cutoff 
potential by the side of ** set cutoff potential by the side of 4.9V and electric discharge to 3.0V. 
[0136] The result of the cycle evaluation test in 50 degrees C is shown in drawing 1 . Even if it did not 
transpose all the graphite in a plus terminal to Ti203 and used 5 Class V positive active material of that the 
effect of a cycle improvement is acquired, and Si substitution, it turned out that 20Ti3 addition is effective. 
<BR [0137]> 
[Table 1] 
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[0138] 
[Table 2] 
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[0139] 
[Table 3] 
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[0140] 

[Effect of the Invention] Since it can control or reduce that the anion which the supporting electrolyte 
dissociated and produced is incorporated into a positive electrode also in the state of the high potential 
beyond 4.5V by a metal Li counter electrode according to this invention, the capacity conservation 
characteristic and cycle characteristic in high temperature are improved greatly. 
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Mli, Ni, Co, Fe, C r £ J; tfC u J; 9 
'S:&B*»^38tfn&i>«Sr<fct-a , Cft*. All, s 

i , t i *»tatr*i*iWr< t > 

[if**i 1 3 wm. *mts£xtwim*mt* mi 
iEmt)K mmi j^si ov^aHtieaoz&mjfcffl 
je&t-j> bzbzmk b-rtz-amm. 
i if** 1 2 3 w** 1 1 mmco~ tt.mmz& i > 

T, fNEWW«a<L i PF 6 

[ mmm 1 3 ] mm 1 1 * *:« 1 2 izmi<o-m, 



(2) ^20 03-142 101 

2 

itfcisvvts yf-^SWfctm-aTi&WKE** 
[0001] 

[0002 3 

[«e*<«s«] >)^j*±m*?vf7J*fc§mfiMb 
j)mt>iizbfrt>mmzw%mbh.x^$>. z<n 

-f ? ;Httt * fc* b - * )\>%mX'm 5r1ftt * 

46. ♦ Boyf-*A4*>'Z^«<0jE*«ft*fcLT 

< fffi^w^t'^. * . * M8 u 

<a-NaFe0 2 ffiit) t#LT^ 

mass* f u ^->> a^i $m auMftxi 

[0003] aA/u hjgy +VJ*t33lto4 va^McTO 
L* 1 L«r*< . - -y ^/H5 'J f - * «Mi 3 MS 'J f - 

[0004 3 —J, xf^Svy^y^yf-^Ati, 
A*^ii:^f*^■ev^^:^«!^^>^^^^IRyf■»>Ai:Jt 

40 ^ytfygsy-f^Aii, n^/i/h^y-f^At^st 

[ 0 0 0 5 3 r>& "3 . WSfcAl/^H-CHBSrfeio 
[00063 fc i-?>*^ S6*s JJRMaSSoKttfiBfttff 

**fr*-torspmxwwx$ < t£~>x * tz. mwt 

50 l b , A 0*«*<OiE«SIMI • ftffliS«K*fctt, J: 
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zzx\ wxzmmtzttmtLx. &siw 

[0007] Z<r>± ?&5 V®OiEmftW%lz\tXV* 

Ni, Co. Fe, Cu> C r &if<0Stffcjl7n£fi|ffl-?- 
&*><D#<£>£. Mitf, 1*9)^9- 14 786 7^&ffl 
£tiL i,tyM ! Mn2-y- ! 04 (M = N i , C 
r) #4. 5VJiLt(C®ft*W?S£fc* s IS*S*l.-C^ 
£. 4fc«ffl2 0 0 0-0 6 7 86 0*4Hltfcli. Fe 
=flr^fcCo^5V«jEfttm3WS*Sn"C^*. * 
fc, RHKOWtffiiESWHtW tTtt, #P)2 0 0 0 - 
2 2 3 1 5 8^&®lZt3^Tmimn.&cr>Mfr'&Jb-£ 
*K ftffl2 000-15622 9WtMZiS^XT i 1! 

S fcfctt. WB87 - 1 9 2 7 6 8^fglCfcV^iSX f 

[00 08] #tCL i N i o . 5 Mm. 5 0 4 Z<- 
Zt?h5VStiEmffi\&. £JSLi*tffiT'4. 7Vft 
Jfi^§^r5h-^L. fOttti&Rt>l 2 0m Ah 

%&>tbi>tz. mwm^wmt tximtm 

[0009] Z<T>£ o fc**ffiIESW*Hi» Mnt'f b 

V;U— y/^^^JfflLJt^-ii-^ (J.EleCtroChe 
m.SoC, Vol. 143. p. 1607. (19%)) . #Jjfcffi 
Btt£lS (ttBR2 0 0 1-1 8 5 14 5^&ffl . 9f? 
^<OSJi»g£JflV*$ifla&&«ffi (4HI9 2 0 0 1 - 1 8 
5 1 4 8^8 > fcfjWbWufcfiTfcO, Sffiff&ffl! 

[00 10] 

o v (ittw^fhii o wmm t>tih%m. 40-6 

flu S BJ«»ttl4J«J£T& I. <> Wttttrfro . 
[0011] #»i#gut, «**>5 vttzfcWfttfev* 



(3) #^32 0 0 3-142 1 0 1 

4 

[0012] ffiESto'Sb i «ffi«ffl-C4 . 

5ViiLhtcr5 b-£3pfl> L i aWRflSft&iESfc L 

i«ttT4. 5VjjLLfc$:&. £<D±d$rE«ft«!»k: 

ib. mikcom^m^m-ixito. zuzm. 

Z U *S*t LTtM ?;l#ift#^< &-?T -3 . ft 
K^fiMfifc LTL i PPe £fflU4 O'C— 6 0"C<DS*S 

20 ±3&)9m$smk%h. &mzm& 

[ 0 0 1 3 ] £ 3 Lfc«*lifiS*<94 VISCOL i -f * y 
:!:(! 5 V« L M * y-<XS*fcfc v >T #*cOfttTi 

[00143 lEmsmmmmtimb ix, tz 
bii**-#>mcoKh>)tzA i mmmmm 
bLxm\*him*mmt&z.bifi%te>ti&. 
30 ^'MM ix$.ttzT-*y?)ti-rr; ytrn^co h _ r 
ti> ieisiis^ h mnfetts-mxb 
wmm^nA t u a mxfrbiiz ^ , a 1 1»* 

JSLittffitM. 5Viy±tcr7h-5r*t-SLi^ 

;tT\ m&imTxnmmwftmmg-th. * 

40 ttttDWSrifiiifflt-iikfc^^*. sus^ 

us&m&t'itmiHNSTitt^zb. tmimm 

Wfflth l v Mm®.?? 7 r 4 h b JtSS Ux -y ^co 
ttB#8* 6 £ t *»^> . A l «* t |a»C$ 

[0015] bzh tttmm z nmmm^commitn 
5-fflb Lxnmznmhzb\mTvmmz£ nmm 
X'bh. 

I 0 0 1 6 ] A 1 &*Tt±, ftfl:tCJ:*ft*&8!fe • A 

50 n^t*<o^tt^i» £ b*. nmsuz* mm?) 
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mmwrnvmrnz *u -5 £ fc a^fsssft.* sot 

z&ro-mteffl-f & ; t awe* & . stc: gut 
im-tizkmrn^-*. mtmmx-wmmft 

[0017] *»j»±. ±K»f»t=«». 5 vi&r&tt 
fflcawc* ££14. 4£tt£Js«fffc*tSrU fflMfc* 

tOO 18] 

r. Mo. NbifcJ±Ru**^1"6fl:^S!l?&*tfit 

[0019] cici-c, xie-it^^tis HMHfe&fcttBfl: 

[0020] JJESWWi. TiN, ZrN.Mo 
Oa , T i O. T i 2 Oa . NbOfcitf Ru0 2 frt> 

I 0 0 2 1 ] * fc, JJESMIWi. T i SfcliT i #s 
iN, Ti OtiklST i 2 0 3 A»6«r&ft&»A>aBRtF*i 
6. 

[0022] *»EKistt* MKSIMIU;* &R'J f-tf 

emztiz. --r. y?-*A***&Kfl:i«i. Tie 

HRsC ( I ) 
[0023] 

LU (M, Mn2 - k - y Ay ) O4 (I) 
[0024] (sW». 0<x s OSy, x+y<2. 0 
<a<l. 2T*3>. M(i, Ni, Co. Fe s C rfc 
XUC u <fc 9**»0»4>aK«i.*4"$:< t t-WTh 
i. AJ±, Si, Ti *^S(filS^< t *>-«?* 
) 

[00 25] X'^tl&it^fthZbifX'^l. 
[0026] tMO&Wz Ztltt* jEffi„ J: tfll 
8?&£fil;i, jE*#±KZK««HIE*?**Z<Wtit 
i<o-*©fifctJV\t:. ftttittiL i P 
F 6 £3aWfcLT£^*1*«fcrS.ri:0 { -C#4. 
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*¥i*SW«BE*«4 . 5 VULt?«fj$fc t*> I i 
[0027] *3Wi#fett. i *WT4 . 5 V 

7-*y*V-rb%^ ©£*Li*«C4. 5Vlil 

[0028] ±IB^cfc d t=iE«fcW5g<0«« 

8Vvci<IMWfc£jrc* l 3s SJW^IWIUT 

[0029] 

irnxommmmi xmxm^ti&mmmu. t 

i, Zr. Mo, Nbi^tiRuS-^^TtS^^ffl 

^&zkwx'%h. zcoo-h, mzmi^bcoti 
[0030] ( i ) mmtaaam mmtmn 

tr) 

[0031] ( i i ) T i N, Z rN s M0O3 . T i 
30 O,Ti 2 0 3 > NbOtjWRuOsKWIfK 

[0032] (iii)Ti *fctiT.i 
titfTi N. Ti OfciUTi 2 0 3 1)>l?%bftfrt> 

[0033] LT#JR2-fflV^c%&, WTW^ 

( i > <mim*?m.im\±. 

fik LtJflCffll^CWtll.. ( i i ) C 

fUT iN. ZrN. M0O3*, TiO. Ti 
2O3 . NbO±JJ;^Ru02 frbZ&m^ffiRZtl 
l-tmt-0±.<7)^^m>. ( i i i ) H^LJtT i 

50 m^&ZbtfX'Zt. 
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[0034] ±Mmm?im®vm't>fct%-iztt!mm 
ztix^&ztwn&i^tf, jm^&nwf^mx. 
mtmmtt&ztbvzz,. mam 

< . fist jE©sw«wm@ • mm • nmcomm® 

fy-ft&nm&frh 1 O^mWT^fifSAW* L 
[0035] #%HJ!I±, fi!*04 vjftz&m>M>3 v$ 

wmiza wmmmm izm-ti t <ntzfrhx-b 
[0036] vwjxttm&mmk ix\t. xe* 

Ztlbtti&bk+hZkiPV* 6. 
[0037] 

Lia (M»Mn2-»-yA„)04 (I) 

[0038] <5W, 0<x N OSy, x + y<2, 0 
<a<l. 2T$>&. M«, Ni. Co, Fe, C rfc 
<ktf c u J: *)%imfrt>Witi&&%< k i>-WX'b 
h. Att. Si. Ti *f»^,atfil4^< £ t-ST'J) 

*. ) 

[0039] z<7)Xd^it^^m^hzttzX lf ), m 

^mmj]&£%.tmz$m?hzkffvz&. zzx\ m 

<i^-=5r< 1 1> N i t tatriftSfcttitf , 1M 

^/PWtttS^JtOrti-r*. xttMn<0MR*H-3. 9 

_hiefb-^5t^v%T, 0<yt-fftli\ MnWOgl 

[00401 ±E* ( I ) X>mtihlEWm'8<7)is&L 
lzm^ftm.®bbXli. LijitL-CLi2C 
Oj, L i OH. L i 2 CK L i 2 S0 4 &£ S\ Mn 
Ii:l,tMn02 , Mn2 03, Mn3 O4 , MnO 
H, MnCOs . Mn (NO) %k*m^&Z ktfX'Z 
h* NiMkLXii. NiO, N i (OH) 2 . 

N i ( NOs ) 2 KkZm^ZkffH&h. iftMn 
fcJ;lA'N i &*fe*»t«>B^Jtt:W»UJtMn-N i & 
a*K<H*s KRtiL UMBftSfflv^iktm**. S 

1 ifcliT i MftfctTdfl^i. S i Mk LX S i 

02 . %<Ofc&m. S i O. T i Mk LXT i 0 2 . T 
i C 1 4 JJlttfXP? s L 
iSU:LTLi2 C0 3 *\ Mnjli: LT{iMn0 2 * 
*:teMn2 O3 #>\ N ijfpi: LTfiN i O^fcliN i 

( O H ) 2 *«f$fcJf * LV ffiJgJt^M n-Ni«^ 
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[004 1 ] &fc]E«S1W^C^fco^TlMBt 
=5:1) J: o • ££t * . £*>HL N i O Hfflo&S 

*a»t4fcj6K#sai^)fasii 1 o ^ mjsiT#ff* i 

10 5 0*Cwa«KHT. 2»+4«:ttl!«+TfflaW4. 

-Ga»««jS*»fe, »ffl«)&wa*u^ saw:*** 

•f&Kk'Ommtf&htzib. titm§&!,i7 0 0°C~8 

[0042] l i isti®nmcoimnmte3m 

* /8&TX'&hZki)mib<. 5tcim2/gjaT 
[0043] JEfiSPBrtK^H^TO*** ■ 3W» • «tt 

corns • ie«u? • iEfigomg^s • fu yy-mz 
izx oasas«-t&«affl"c«ij*v^. x*;^-af« 

2. 8 g/ c c JEltfc tch X o tcm-Wtt. ■ 

•mm ■ ?mm ■ nam ■ 

[0044] »A>ilfcE®SWtli. V- b#tt • flftS 

4 yy-\mtk. m^t>i\x^mm%mmx'&< , 
xvyvikt-Vry (pvdf) N tfVTbJy** 
pxf-^y (ptfe> wfflv^it^as*s. mw, 

#&m&k LT<iA i Lv\ 
[0 04 5]*SKBTfflV^n&JMB4, Li-f^vS- 

i>mt>mt>&\ %mm\0SBBUt. ®m m& m& 
■ ^Axtthwzv- bm. ■ i&&fimm ■ 
ttm^ kcr>mm<&m s mz& ixmrn ozt itx- 

[0046] nm^ma, u-bm.- 

• wxwsum ■ x*/i^-®k • mmt ■ 
kcommk ixmmt iitmzxixmsBKRitiw 
>y-mkm-&Lm&k-t&. >u y?-im®. fflv^ 

htix^ltfvy -/ikt'-VT> (pvdf) . --kut 

50 h77^nifl/y (PTFE) ^ffl^Sdt^'tt 
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mm® t lti±cu mm* u 

[0047] *^u-*tt«ffc:|R}gS*uS:vv&*, ffrffn 

m^-mm, ^7Ltt^«wjigK*tfflv^ it 

[0048] *Mc«Mi§attttfc LTtt, fflSs J <ffl 
v^ii&ti<0Tfi< % M£tf#-iK*-MB. &£(L& 

z t ,mi< immmm® bix^^y 
7b-#*-Y- (EC) . roti/y*-#*-h (p 
CK r-/fD5;hy (GBL) m*$>'J?%< bi> 

mm. mam&t lt^x***-**-)- (de 

c) . x^f-;i/*--K^-h (DMC) s iWf* 
f. (EMC ) s xX7-Jtfmfre>')?%<bh 

iwbhhru tastemtm^t. ec+dec, p 

C+DMC, PC + EMD, PC + EC + DEC&iftf 

[ 0 0 4 9 ] 5J#Bfc LT(4. L i BF4 s LiP 
Fe, L i C 1 Cm , LiASFe. LiSbFe, L 
iCFa SO3 , Li (CF3 SO2 ) N, L i C 4 F 
9SO3, Li (CF 3 S0 2 )3C. Li (C2F5 
S0 2 ) 2 N^rf*>4>^< fcbl«R*JBVVb& L 
i PF 6 SWffi^jfiWHSfcilf**!^ 

wmzmmwio hb^mmw*u\ $m&co 

m&lZO. 8M~1. 5M**#4U<. S'ofcO. 9M 
— 1. 2MA*,}:"JJf4U\ 

[0050] *muz&&z<Km<?)mf8.b vxit. n 
MttzmmtizbtfX'Zi. 5wmm<r>mm®.® 

[00 5 1] 

[^Sfi^J] JUT, *»BB*JU«s«f|KJ: 0 S bKWlth 

*£L, fWLfcZiWElMl, V+*rJ>W*miL£m 
i¥^lttWE*«4. 5VBLht*6t,<!0-C**. 
[0052] [LiNio. 5 M n 1 . 5O4 
[0053] LiNio. 5 Mm. 5 0 4 
12, ajfamtLT. L i 2 C0 3 fc (Mno . 7 5 N 

i 0 . 2 5 ) a o 4 fcfflvvt. ift^aj&scBoa* 
wwaatLr. zum/nfthb simmii-rz> je& 
mmi&zzttmtz. li 2 co 3 mmszv 

(Mno. 7 5Nio. 2 5 ) 3 O4 WW^ni 1 ;. 
LiNio. 5 Mm. 5 O4 fcjEffifSifijflfc LTfflt* 



(6) . #^2 003-142 101 

1 0 

cOito^VHcJ: 9 , 5~2 Ojum<oea**ff4 L 
(Mno. 75Nio. 2 5 ) 3 O4 COfiigi 
LiNio. 5 Mm. 5 O4 OgfflfiESt: IrI 1 5-2 
0/zmiLfc. £Ofc$ODs ofiffiil 2jutnTC*>-» 

. [0054] — 2k L i 2 CO3 (i%-RJS5<Oilft<07t 

*>ctt 5 ^ mjuT^es^m t v d 5 0 

1. 4xtmt5r4J:-5te»**tf-5fc. 
10 [ 0 0 5 5 ] z <o4 0 KJ»Etf>ttgW*£fc l i 2 c o 

3fcj:tJ f (Mno. 72N10. 2 5 ) 3 O4 
[Li]/[Mn]=l. 0/1. 5fcft44?K?glti' 
Lti. 

[0056] ;<^i^»ti»7O-c0»HJHTs 7 5 
O'CTj&fifcU:. &Vv£\ *#<->iX/£L i N i 0 . 5 Mn 

i . 5 04 <om-*<otmi um&.T<0Wm : lFZg%, 

0. 5 Mm. 5 04 cOifcflpfSliO. 9mVgt'f) 
?-y7®£»42. 39g/c Cl *$g<4 
20 4. 42g/cc, D5 ottfittl3jtim, «?Jfcftti 
8. 1 7 5:tV^*hn-Afci^»fWtttTaofc. 
[0057] [LiCoMn0 4 «M] 
[0 0 58] LiCoMnO4<0-^J«4s &%M®bl 
TL i 2 COs t (Mno . 5C00. 5 ) 3 O4 Jffl 
t^wi:, [L i ] / [Mn] = 1 / 1 Ofi^JfCiB 
6Lfc£ t , «r^tffc«lfiaKSr 8 0 O'Ct ItzZ b i 

m^x. LiNio. 5 Mm . 5 o 4 tmkn^mx- 

ft->tz, n^ilfzL i CoMn0 4 t4. &3tWBttfil. 
lniVg, 9 «/?®Wfi2 . 4 5 g/c c , jtSfS* 4 ' 
30 4. 47g/c c, *S^^^'8. 04 2*y/Xhn 

[0059] [LiNio. sMm. 3 Tio. 2O 
4 

[0060]LiNio. sMm. 3 Tio. 2 O4 

<ry&mz\t, msumt ltl i 2 co 3 , n i o, m 

n0 2 . T i O2 2rfflV^. NiO, Mn0 2 , TiO 
2 WD5 0 WZZZtlZ'tiO. 5 Mm. 8m m, 0. 7 
^mtU [Li]/[Ni]/[Mn]/[Ti] 
= 1/0. 5/1. 3/0. 2<0M£StXm£ltcZ 
40 t» «rfeVfc««a««r7 2 0 , Cl:Lfeil:S»V^T. 
LiNio. 5 M m . 5 0 4 t H«kO#IBT^*L 
fe. f*4>*X/S LiNio. 5Mm. 3 T i 0 . 2O4 
(2, Jt3M*U. 3mV8, 9**T*tWfi2. 18 
g/c c , X»*!6«4 . 4 5 g/c c % ^€^*<8 . 
\9 9ityyxYu-^b^^W.W&Xh-otz. 
[0061] [LiNio. 5 Mm . 4sSi 
0 . 0 5 O4 

[00623 LiNio. sMm. 4sSio. 05 
0 4 O&jftfctt. tn^M^i: Lt L i 2 CO3 , N i 
50 O, Mn0 2 , SiOJffll*. NiO, MnQ 2 , T 
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0. ljumfcU [Li]/[Ni]/[Mn]/ 
[Si] =1/0. 5/1. 4 5/0. 05«0^itT 

^^v^-c. LiNio. s Mm. 5 o 4 tmncom® 

T'£j£Lfc. m>flfZL i N 1 o . 5 M n i . 4 5 S i 

0. 0 5 04ll> Jt*lBB*<l. 5m2/g N ^ y7^f 
«#2. 03g/cc> KSfrK#4. 2 5g/cc.tg 
?5gifc*<8 .17 2 * >yx h D-At V 1 3 ffitt&ttT* 

[00 63] [JtlWMSWl] 

[0064]±fEOj;3teLTffiSU:LiNio. 5 
Mm. 5 0 4 SrIEffi^ft«i:t-CfflV^186 5 0R 
flTOfe (ttSl 8mm, S?65ram) JMUc, t 
■f , LiNio. 5 M n i . 5O4 fcJtfgStttt-S-ffl 
*«KS^L. '<-f y^-T*6P VD F£fcjff£tf*: 
N-^f-;U-2-hfn»J b'y (NMP) 

S £ fc J: OjE«E>— bkLfc. lEmtxrfflmitWi. 
LiNio. 5M111. 5O4 : WW&tt^ffl ■ P VD 
F = 8 0 : 1 0 : 1 0 (M%) tf^Jtk Lfc. 
[00 6 5] -t. 7 h : PVD 

F = 9 0 : 1 0 (M&%) <DJt*i:&&J:3l;:iI&LN 

L£. 

[0066] JiLtcoj: o izftmifcimtikvn.mcom 

[00 67] ««?6«±lM<DLi PF 6 ££ftigkL, 
xf-W- 1- (EC) k ^x-f^-iK+- h 
(DEC) CDM-&®m (50 : 50/M%) £$&k 

[0068] utmmm2i 

[0069] mmyvm* l l c o m n o 4 k Lfctuf- 

tlttlSIHiW 1 k Wmz LT 1 8 6 5 0 P]ff1E%$fHK 
[0 0 70] [gftffll a] 

[0071 ] IE«i4'c7)ia^Jt*$rL i N i 0 . 5 M n 

1. 5O4 :TiN: PVDF = 80: 10: 10 (I 

m% ) ?)M£Jt t uctmtettjmmm 1 1 mmz ix 

1 8 6 SOnvmM&IMLt:. T i NttftfttfgXg 
SkOliR.ftfcfflVtf:. 
[00 72] [Ultffllb] 

[0073] Iffi^OlW^lt* £ LiNio. 5 M n 
1 . 5 O4 : Ti C : PVD F = 8 0 : 1 0 : 1 0 (£ 

m%) m&\kt itztm-itiummm 1 tmuztx 
1 8 6 5omnmmiitz. t i camMiif 
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[0074] [XWIlc] 

[0075] IE$4 l «9gUg7>Jt*S: LiNio. 5 M n 
1. 5O4 :TiSi 2 :PVDF=80: 10: 10 

(«s%) wa^itt LJtjywiitisHiM 1 tmmz 

IX 1 8 6 5 0P31S«jt£^L^„ T i S i 2 
*E»!<01»ilfc(2~5jum) fcfflvvfc. 
[0076] [Htt^J2] 

[0077] :Effi4»<OiB127>Jt$£ LiNio. 5 Mn 
1 . 5 O4 : Z rN : PVDF = 80 : 1 0 : 1 0 (8 

10 m% ) cofi^Jti ufcfiw-iitt»iF<i« 1 1 nmz ix 

1 8 6 5 0 RWKfifcfEKU;. Z r N<ifttt*|!£U? 
S^Ol^Srffl^^. 
[0078] CHH0I3] 

[0079] iEfii«pOgI^Jt^Sr LiNio. 5 M n 
1.5O4 :MoO3:PVDF=80:10:10 

(fi«%) oa^Jtt L^iywittieHiw 1 1 muz 

l/C186 5 0H«««£tf®U:. Mo0 3tift7tS4 

[00803 [&HM4] 
20 [0081 3 jES+<DBI®4Hfc**Ll N i 0. 5 Mn 
1 . 5 O4 : Ti O : PVDF = 80 : 1 0 : 1 0 (fi 
fi% ) 0*&Jtk Ufc £VHittMimn 1 k 3Kfc LT 
1 8 6 5 0 PWtiSSrfBKU:. T i O&WEiUm* 
WVvfe. 

[00823 [HitW5] 

[0083 3 JEfiE^liM^tW^L i N i 0 . 5 Mn 
1. 5O4 : T i 2 0 3 :PVDF=80: 10:10 

(fi*%) OM^Jtk Litt^ttJUSfFMU kPMSMc 
LTl86 5 0P3«1Kl!L&fWRLfc. Ti 2 OsfiAi 
30 dr iChSi (99. 9%) Srffltxfc. 
[0 084] [XHM6] 

[0085] jEffi+OlBg7>Jt$£ LiNio. 5 Mn 
1 . 5 0 4 : NbO : PVDF = 80 : 1 0 : 1 0 (fi 

&%) cr>M&itk uzmi±immm 1 k miztx 

1 86 50RjgWH6£f£i?L*:, NbOliA 1 d r i C 
hM (9 9. 9%) S-fflUfc. 
[0086] [^Jt(?>J7a] 

[0087] JE&#<?>Wmtft8>* L i N i 0 . 5 M n 
1. 5O4 :Ru02 :PVDF=80:10:10 

40 ( mm% ) oa^Jt k Ltzimttitmtmm 1 k 
lti86 dom^mimit:. ruc^&wjwl 

<m (>9 9. 9%) fcjfl^fc. 
[0 088] [HJ6M7b] 

[0089] lEffi^SBfrfrJt^S' LiNio. 5 Mn 
1. 5O4 :Ru0 2 :TiN:PVDF=80:l 
0:5:5 (fifi%) wS^ifcfc L^i^KiitSfciWffffl 
1 k IWl: LT 1 8 6 5 0 TO«^5r^ L^:. R u O 
2{iBDK^^W(>99. 9%) Sfflv^. 

[0090] [JKM!0l8a] 
50 [009 1 ] JEm*<7)WBftti&* L i C o M n 0 4 : 
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T i N : PVDF = 80 : 1 0 : 1 0 

itt i tzimteitmmmm 2 1 mmz lt 1 8 6 5 0 h 

[00 92] [HJftM8 b ] 

[0093] IH*<7>H»#Jtg5$rLi CoMn0 4 : 
Ti C : PVDF=80 : 1 0 : 1 0 (fifi%) 0?fl£ 

itt itzimiiitmmm2 tmizix 1 8 6 5 or 

[00 94] [HilCT8c] 

[0095] jE&^COmffiftl&&£ L i C o M n 0 4 : 
TiSi2:PVDF = 80:10:10 (Sft%) <F> 

w&it t uzwmmwm 1 t mmiz l-c 1 s e 5 
ommmm m. t i s i 2 is^M^e^o 1 *s 

A (2~5jum) 
[0096] [HM0I9] 

[00 97] jEmfCOfflMftlt&iLi CoMn0 4 : 
ZrN : PVDF = 80 : 1 0 : 1 0 («*%) 

jti tfcuwnut«sMi0i2 tmmzix 1 8 6 5 OH 
Mmw&mit:. 

[0098] [^Jt^JlO] 

[0099] IfiE+OH^Jt^SrL i CoMn0 4 : 
Mo 03 : PVDF = 8 0 : 1 0 : 1 0 (WAX) <T)M 

&itt uztMutmwmm 2 t muz ix 1 8 6 5 0 

[0 100] [gftffll 1] 

[0 1 0 1 ] MEtfOHJBfl-Jt^L i CoMn0 4 : 
Ti O : PVDF = 80 : 1 0 : 1 0 (M%) <0?g£ 

itt inmwammn 2 t mmz ix 1 8 6 5 0 r 

[0 1021 [£ttm2] 

[0 103] H£4^1]^#Jfc£$:LiCoMn0 4 . : 
T12O3 :PVDF = 80: 10: 10 (Sft%) <0 

a^itk Lfc«w*tti»HW!2 fc nmz ix 1 8 6 5 

[0 104] [£itWl3] 

[0 1 0 5] Iffi*<Al$#Jt35£L i CoMn0 4 : 
NbO : PVDF=80 : 1 0 : 1 0 (fift%) 

itt iteiMMtmmm 2 1 mtnz ix 1 8 6 5 0 r 

[0 106] [Stt«14a] 

[0 1 0 7] jEmtpnWBtttt&ZL i CoMn04 : 
Ru0 2 : PVDF = 80 : 1 0 : 1 0 (fift%) Wig 
£Jtfc LftglttttJHSMiM 2 1 RWK LT 1 8 6 5 0 

[0 108] [gg|fc0U4b] 
[0 1 09] IflitpoajB^Jt^SrLi CoMn0 4 : 
Ru0 2 : T i N : PVDF = 80 : 1 0 : 5 : 5 (fi 

m% > nm-iaitt mtmititmmm 2 1 mmiz ix 
18650 pmm&ztfmiK, r u o 2 tewsc-n^ 



(8) #^320 03-142 1 01 

1 4 

(>99. 9%) SrfflV^fc. 

[0110] <iFiiiit:^0ij 1 >itmmmm 1 *> 4# 2ft 

S> WcSBfcW 1-14 X'tim Itz 1 8 6 5 0 flf§)mffi£ 

[01113 *-f«WtC*H1W*ttSfflfc*J\.vC£* 

tfWWSU: i: *. K 2 0 0 m AT* 0 s C <>TO;TOg 
MfctflBSfti: Lfc. *«. * M^WMi 

^TOTOMifeWC 3 . 0 VT»4*i, £«l»*Mr •? h 
10 *7*ffitts jEffffiftWCL i N i 0 . 5 M n 1 . 5 0 
4 frfliv vfcibBBWW 1 *$»rflc$litW 1 - 7 144 . 9 
V, HSKStMtfcL i CoMn0 4 fcflj^fcJtK 

IW0!2ft&lflc2gtW8~14tt5. OVtL/c. * 
<9f&, «-S?ftSr 2 0 0 mA-cm^cOSffi (JtlSfFWH 1 
ft fetffcSSttW 1 - 7 (4 4 . 9 V s JtftSHGffl 2 ft W 
K$titW8~14li5. 0V)*T£«U S^>fc3B# 

Bkosiwa3is«». 5 o*cwMffl«+-c23iiajaL 

fc. SWfcfcSB»"eSK, 2 0 0mATtt«i«MMT 
20 MC, IHC<200mAh ■ ScB^f^Sr t> 5 

[oii2]*i fcarciwEisws o-c, 2>siattin% 
ommm < = 1 o o x [**«*] / m& 
ft] ) mmm ( = 10 ox [@m&g] / [a 

«BWft] ) tTirf. 

[oii3] itmmm nzftix. mam 1 -7 iz& 
^xmsmm. ®mmvtuzmix^hzt 

30 ttmmtitc. -rfti>*», iesvs^* { l i n i 

0. 5 Mm. 5 0 4 &!>^(4L i C oMn 0 4 <T>th 
bXhhtp£Mbt>-f s JEffi+co/77T-f h SrT i N 
r NOg-ffc^s ife(4Mo0 3 , TiO. Ti 2 0 
a . NbO. Ru0 2 ftif<0BMktt-CB#*i6ikt 

40.50 xix-<»®&mmm:*mzftm-th z t & 

115*5. ftfc. TaNfe4l>'Hf NfcfflV^T|B]«<0S» 

. [01 143 <mmffl»m2> 

40 [01 15JS&vvt\ |SIl:<Jt«IFffli0>JlfcJ:^2ft^ 

mzmmm 1-14 t-^sifu^ 1 8 6 5 0 nm^mzm 
^x.v4?mm?m.z'fi->tz. 
[01 16] -^-f 9)vmmm\t 5 0 0 m Axm^com 
je (itmmMii*Jzvmimi~-7xu4. 9 v. jt 

KSH10II2 fc4y'^IS(5i]8~ 1 4 T14 5 . 0V)itl 
*cr>'<^ 2m&e>%S.&XM&WK 5 0 0mA 

t*3. ov4-ciw«*4s t^oimimom-rzt 

50 [0 1 1 7] *2t#m?fi<?5 [ 3 0 0+M ?/l-«>«D» 
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1 5 

m«fi] / [ 51M ?)Vth<nftMMm.~\ {%) Zifit. 
[0 1 18l3E«S1WI#LiNio. 5 Mm . 5 0 
4, L iCoMnCU Oi**> Jo VA9MZ 

13. 2 0-CJ: 0 5 OXXfctt&iSflfWtfHST**. 
[0 119] [Jt«fffififfil3] 
[0 1 2 0] lERSIWt* LiNio. 5 Mm. 3 T 

i o . 2 04 1 itzwuwMmtm 1 1 iBiatfc lt i 

86 5 0HfSfflBI«:fHRL3t. 

[0121] [&mmm4 ] 

[o 1 22] mmmt uto. sm^l ; pf 6 to. 

5M<7>L i (C 2 Fs SO2 ) 2 UZmffiZ&ZEC : 
DEC = 50:50 (<*«%> Zft^tzZkWHZSm 

mm 3 1 miz ix 1 8 6 5 0 w<if«?fl!^#s? u:. 

[0123] [fW6f?i|15] 

[0124] lEm^mmifik^L iNio, 5 Mn 
1. sTio. 2O4 :TiN:PVDF=80:l 
0:10 OS^iti:tWM±it«!gflMil50']4 
tmmizLX 18 6 5 OHIBjlgM^IIU:. 

[0 125] <fffist^3> 

[0126] JtKfPffiflJ 1.3, 4=5:4,^11*6^? 1 5 

x-ftWLfz i s 6 5 ommmmm^mmmmi 
wmmcommmmmm 1 1 m tt i , 3t«is5 

<0#'y h*7W3ti4. 9V, SfctlflOtf-y h?T7«{4 
<i3. OVfcUt. 

[0127] #l^g4ir{g$£fl3 
ft4#J* s l^7' 7 7 r -f h-CJt^-f-i. t s LiNi 
o. 5 Mm. 5 0 4 <7>Mn-»M McT iSaSrft-o*: 
LiNio. 5M111. 3Tio. 2O4 tf>]£'#§it& 

#^it*^< . *<DT i sbs^-o*: 5 vaiE®vS*« 

fctt L T t . T i N &^«tt^^Jt UTfflV MZb T* 



#112003-142 1 01 
1 6 



* t „ Li PF6 
IZbh^iXfz. 

[0 128] [JrbKfffl^5] 

[0129] jEffi*gt8!lW£ LiNio. 5 M n 1 . 45 
S i 0 . 0 5 0 4 t LfcJ20KiJt«ffHWIl fcHtttL 
■C186 5 0H1S«iffi£#SL£. 

[0 130] [HttMl6] 

[0131] JES+^H^tt^^ LiNio. 5 Mn 
1. 45Sio. 05 O4 :/77r-1b:Ti 
10 2 O3 : PVDF = 80 : 5 : 5 : 1 0 (M%) COM 

iattt LKwm\mmm\5k nmz tx 1 & 6 5 0 

PJttWlfcfcfWU:. 
[0132] [HSt«17] 

[0133] jES+cOHHJftiW&L i N i 0 . 5 Mn 
1 . 4 5 S i o . o 5 0 4 : /?7r-f 1- : T i 
2O3 :PVDF = 80:3:7: 10 (fifl%) <0?1 

ititt uzmumm&M5bmmz ix 1 s 6 5 0 

[0 134] <fftiE5CK0!l4> 
20 [0 13 5]it«fFW]5^WtK»16fci:lA'l 

7-cfWLfe 1865 omnmzm^xvA 7 mm 
marf^fz. Bm^mmmmmm2bmtbi. m 

fflfcMr >y b *7*ffiU: 4.9V, W>%W<r>i} >y h * 7« 

[ 0 1 3 6 ] m 1 £ 5 0*CT'cO-t-f ^/HWffi^iicOlSa 
*Sj*T. jE***)*^^ hSr^-CTi 2 0 3 

t t>lM ^/W»#«SMi(i^^6 i t , S i 
■^5 v«UE«iSIWtfcfflvvc fcT i 2 o 3 jgftnli* 

ysx-hhzbifwp^tz. 

30 [0137] 
1*11 















UNi 05 Mn 1Jl a 






84 






TiM 


92 


94 


R«0Ulb 


UN1 M Mn,jCV 


TC 


85 


88 






TEi 


83 


85 






ZrN 


81 


82 






MdOi 


85 


87 




UNi„Mn,*0* 


TIO 


88 


81 




LMi M Mn ljK 0 4 




80 


86 




LNWMn,jiQ. 


NbO 


82 


88 




UNI M Mn ljS 0 4 


RuO, 


83 


84 








82 


84 




LCuMn* 




44 


61 




UCoMnO« 


TIN 


85 


82 




UCoMnO« 


TC 


75 


83 


SKSfiPlSc 


UDoMnO^ . 


TBij 


74 


83 




LiCoMnQt 


ZrN 


83 


91 




LCol*\04 




78 


84 




UCoMiC\ 


TIO 


77 


66 




UCol^CV, 


Tl»Oj 


77 


64 




U0oMnO 4 


NbO 


82 


80 






RuO, 


83 


91 


§gJS&ih4b 


UCoMnO, 


RuOS/TM 


84 


91 



[0 1 38] 
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(10) #^20 03-142 101 

17 18 







iZhM*J»i-+ B Mil 


C300/C5<K) 


C3CO/C5<«) 
(3>50^C 


hi- 18 ±224X011 


i Dili u A r~i 


> 7 /7'1 r 


76 


31 


xmamt a 




Tin 


DO 


77 




UPHOSMfli J5U4 


ZrN 


Rd 
0^ 


JH 






MoOj 




/\J 






TIC 


OA 


to 




1 IKIl h Jr*> O 

UNInsMrii pU^ 




0£ 


7*5 

/\j 






NbO 


80 


71 






Ru0 2 


85 


75 




UOoMnO* 




7* 


39 




UCoMnO, 


TIN 


82 


74 




LCoMn0 4 


ZrN 


80 


71 




UCoMnO« 


futoO, 


81 


72 




IXoMnO, 


TiO 


60 


71 


S8SW12 


LCoMnO« 


TkQi 


80 


73 




LCoMnO« 


NbO 


79 


71 




LCoMnCU 


RuO* 


82 


73 



[0 139] 













URSFflBffll 


LINia 9 Mni 3 0 4 




UPF8 


64 








LiPFO 


72 




b'^ Q5 Mn 13 Ti QZ 04 






74 


£tefll15 




TW 




56 



[0 140] 

* ytfiEmnm # 0 a * ii 4 ; fc t swift * ^ ia« 



[s 1 ] *mo$mmti witmm&m 1 8 6 5 0 



11] 
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#M2003~142101 



F*-A(##) 5H029 AJ05 AJ12 AJ14 AK03 AL01 

AL02 AL06 ALII AL12 AM02 

AM03 AM04 AM05 AM07 DJ08 

DJ16 EJ03 EJ05 HJ02 HJ18 

5H050 AA07 AA15 AA19 BA17 CA07 

CA09 CBOl CB02 CB07 CB11 

CB12 DAIO DA13 EA11 EA12 

EA14 HA02 HA18 
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